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(57) ABSTRACT

Apparatus, systems, and methods for continuously circulat-
ing drilling fluid through a tubular string are described. The

methods 1include connecting a sub having a central bore and
a side bore to the tubular string, connecting a top drive to the
tubular string, connecting a manifold to the sub and top
drive, wherein the manifold comprises a plurality of elec-
trically controlled valves, and controlling the flow of drilling
fluid through the sub and top drive by selectively opening
and closing the electrically controlled valves.
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NON-STOP DRILLER MANIFOLD AND
METHODS

TECHNICAL FIELD

The present disclosure relates to an apparatus, systems,
and methods for drnlling in which tubulars can be added or
removed from a drill string while drilling fluid 1s circulating.

BACKGROUND OF THE DISCLOSURE

In many drilling operations to recover hydrocarbons, a
drill string made by assembling pieces or joints of drill
tubulars or pipe with threaded connections and having a drill
bit at the bottom 1s rotated to move the drill bit. The entire
drill string may be rotated using a rotary table, or using an
over-ground drlling motor mounted on top of the dnll
string, typically known as a “top-drive.” As dnilling pro-
gresses, a flow of drilling fluid, e.g., mud, 1s used to carry the
debris created by the drilling process out of the borehole.
Mud 1s pumped down the drll string to pass through the drill
bit, and returns to the surface via the annular space between
the outer diameter of the drnll string and the borehole
(generally referred to as the annulus). The mud flow also
serves to cool the drill bit, and to pressurize the borehole,
thus substantially preventing inflow of fluids from forma-
tions penetrated by the dnll string from entering into the
borehole.

As the dnll bit penetrates into the earth and the wellbore
1s lengthened, more joints of drill pipe are added to the drill
string. This typically imnvolves stopping the pumping while
the tubulars are added. The process 1s reversed when the drill
string 1s removed or tripped, e.g., to replace the drilling bat
or to perform other wellbore operations, pumping must be
halted to remove each tubular from the drill string. Inter-
ruption of pumping may mean that the circulation of the mud
stops and has to be re-started when pumping resumes. This
can be time consuming, can cause deleterious eflfects on the
walls of the wellbore being drilled, and can lead to formation
damage and problems 1n maintaining an open wellbore.

To overcome this problem, methods for continuous cir-
culation of mud have been developed. Current continuous
circulation systems and methods use manual and hydrauli-
cally actuated valves, which add to complexity, weight, and
controls.

Thus, a need exists for an improved apparatus, system,
and methods that provide continuous circulation while add-

ing or removing tubulars from a drill string.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure 1s best understood from the fol-
lowing detailed description when read with the accompany-
ing figures. It 1s emphasized that, in accordance with the
standard practice 1n the industry, various features are not
drawn to scale. In fact, the dimensions of the wvarious
features may be arbitrarily increased or reduced for clarity of
discussion.

FIG. 1 1s a diagram of a drilling rig with a manifold and
control system according to one or more aspects of the
present disclosure.

FIG. 2 1s a screen shot showing a plurality of valves in a
manifold according to one or more aspects ol the present
disclosure.

DETAILED DESCRIPTION

It 1s to be understood that the following disclosure pro-
vides many different embodiments, or examples, for imple-
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menting different features of various embodiments. Specific
examples of components and arrangements are described
below to simplify the present disclosure. These are, of
course, merely examples and are not intended to be limiting.
In addition, the present disclosure may repeat reference
numerals and/or letters 1n the various examples. This rep-
ctition 1s for the purpose of simplicity and clarity and does
not 1n 1tself dictate a relationship between the various
embodiments and/or configurations discussed.

The present disclosure provides systems that use electri-
cally operated actuators to work valves that control the tlow
of drnilling fluid through a drill string. By “drilling fluid” 1s
meant any fluid or fluid mixture used during drilling, includ-
ing complex mixtures based on water, oil, or gas used to
stabilize the borehole when drilling for o1l, to transport solid
material and cuttings to the surface, or the like, and any
combination thereof. Drilling fluid 1s commonly referred to
as mud and may include a proppant or various chemical
materials to modify the properties of the mud, and the two
terms are used interchangeably herein.

Electric components lower cost, complexity, and weight,
and provide greater and improved control of valves. Certain
clectric actuators have built-in limit switches and program-
mable valve movement control features without the need for
an external controller, although one may be used. The
actuators also have the ability to provide interlocks with
other valves, and the ability to receive remote signals to
control open and close sequences of the valves operably
associated with the actuator(s). The electronic actuators also
tend to be smaller 1n height than hydraulic actuators. More-
over, consistent opening and closing positions of valves and
timing can be obtained, and the valves can be monitored for
failure and maintained. The actuators can provide data that
can be used to monitor potential changes 1n system perfor-
mance that may be a failure or maintenance requirement.
The electric actuators can more precisely control opening
and closing speeds, and positions of valves, to react based on
input parameters and preset values. Moreover, electric
actuators can receive a safety integrity level (SIL) rating,
which indicates a more reliable valve. The problems that
come with hydraulic power umits, such as tangled hoses,
fluad spills, and cold weather 1ssues are reduced. Exemplary
actuators may be obtamned from Rotork®, Siemens, and

other commercially available actuators.

Referring to FIG. 1, the dnlling rig 100 illustrated
includes: (1) a top drive 105, (2) a non-stop drnller (NSD)
sub 110, (3) a controller 115, (4) a blow out preventer (BOP)
stack 120, (5) a mud tank 125, (6) a mud pump 130, (7) a
mamnifold 135, (8) a rnig standpipe 140, and (9) a kelly hose
145. The top drive 103 rotates and provides circulating mud
to the drill string. The NSD sub 110 enables tubulars to be
added to the drill string while there 1s continuous circulation
of mud through the drnll string. The NSD sub 110 includes
a main or central bore, through which mud tlows axially, and
a side bore, through which mud flows generally radially. The
NSD sub 110 1s provided with a valve assembly that 1s
operable to substantially, or entirely, prevents tflow of mud
along the central bore and to substantially, or entirely,
prevent flow of fluid along the side bore as needed to
manage the flow of mud throughout the drilling environ-
ment. In one embodiment, the valve assembly comprises
two separate valve members—a {first valve member that 1s
movable between an open position, 1 which tlow of fluid
along the central bore 1s permitted, and a closed position, 1n
which flow of fluid along the central bore 1s substantially
prevented, and a second valve member that 1s movable
between an open position, in which flow of fluid along the
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side bore 1s permitted, and a closed position, 1n which flow
of flmd along the side bore i1s substantially prevented. The
first and second valve members can be a ball, plug, or other
suitable valve available to those of ordinary skill in the art,
and actuation of the valves can be by a mechanical, hydrau-
lic or electrical mechanism or any other suitable mechanism,
and can be a rotational, reciprocating or translation motion.

In an exemplary embodiment, the NSD sub 110 includes
a Kelly-type ball valve and a side entry valve housed in the
sub. Full rig pump circulation i1s continuously maintained
throughout the drill pipe connection operation by circulating,
fluid 1nto the side entry valve when a further tubular 1s being
connected. During addition or removal of a section of drill
pipe, the ball valve 1s closed. Pressure 1s bled off above the
ball valve, allowing the drill pipe connection to the top drive
to be broken while full circulation continues via the side
entry valve. The rig pumps are thus never stopped, and 1n
some embodiments are never slowed down except as the
needs of pressure balancing the mud flow throughout the
drilling environment might require, such that continuous

circulation of drilling fluid can be achieved with the NSD
sub 110.

The side entry valve can be intercepted from outside by
means of a suitable adaptor (for example a rapid connector)
that 1s coupled with a pipe. In some embodiments, the pipe
1s flexible. The pipe, referred to herein as a tlexible pipe, 1n
turn, 1s attached to a standpipe, which iterconnects the NSD
sub 110 to the manifold 135. The manifold 135 acts as the
well pumping system of the drilling rig, and intercepts the
flow of mud from mud pump 130 to the top drive 105 and
the NSD sub 110. A nig standpipe 140 and kelly hose 145
connect the manifold 135 to the top drive 105.

The controller 115 may be configured to control or assist
in the control of one or more components of the dnlling ng
100 to manage the fluid flow. For example, the controller 115
may be configured to transmit operational control signals to
the top drive 105, the NSD sub 110, the manifold 135 and/or
the mud pump 130. The controller 115 may be a stand-alone
component installed near the drilling rig 100, for example,
on the manifold 135. In an exemplary embodiment, the
controller 115 includes one or more systems located 1n a
control room proximate the drilling rig 100, such as a
general purpose shelter (often referred to as the “doghouse™)
serving as a combination tool shed, office, communications
center and general meeting place. The controller 115 may be
configured to transmit the operational control signals to the
top drive 105, the NSD sub 110, the manifold 135 and/or the
mud pump 130 via wired or wireless transmission means
including to a location remote from the drilling rig 100
which, for the sake of clanty, are not depicted in FIG. 1.

The controller 115 1s also configured to receive electronic
signals via wired or wireless transmission means (also not
shown 1n FIG. 1) from a variety of sensors included 1n the
drilling rig 100, where each sensor 1s configured to detect an
operational characteristic or parameter. Such sensors include
fluid pressure, valve position, and tlow sensors. The con-
troller 115 may 1include one or more various types of
controllers, such as a programmable logic controller (PLC).

In one embodiment, the controller 115 1s operably con-
nected to manifold 135. The controller 115 may at least
partially automatically coordinate and control the flow of
drilling fluid by adjusting the position of a plurality of valves
in manifold 135. In some embodiments, the controller 115
automatically controls the fluid flow through the system
once various setpoints or parameters are provided by an
operator.
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In various embodiments, controller 115 includes a display
that incorporates a human-machine interface (HMI) and a
light display of operating parameters, e.g., fluid pressure and
volume. The control and set up of manifold 135 can be
changed via a touch screen or manual switches. The HMI
includes a user-input, which may include a keypad, voice-
recognition apparatus, dial, switches, joystick, mouse, data-
base and/or other conventional or future-developed data
input device available to those of ordinary skill in the art.
Such data mput device may support data mput from local
and/or remote locations. In general, the data iput means
and/or other components within the scope of the present
disclosure support operation and/or monitoring from one or
more stations on the ng site, as well as one or more remote
locations with a communications link to the system, net-
work, local area network (LAN), wide area network (WAN),
Internet, satellite-link, and/or radio, among other means.

The HMI may also include a display for visually present-
ing information to the operator in textual, graphical, audible,
or video form, or any combination thereof. The display may
also be utilized by the operator to mput the data 1n conjunc-
tion with the data input device.

The HMI may be used by a human operator during
drilling operations to monitor the relationship between dii-
ferent valves 1n the mamifold 1335. In an exemplary embodi-
ment, the HMI 1s one of several display screens selectable by
the user during drilling operations, and may be included as
or within the human-machine interfaces, drilling operations
and/or drilling apparatus.

The HMI 1s used by the operator while dnlling to monitor
positions of the valves (including any safety interlock infor-
mation) 1n the manmifold 1335 and fluid pressure(s) near the
top drive 105 and NSD sub 110. The controller 115 may
store these values for future reference or transmit them to an
external data system. The controller 115 can provide the
operator with error messages when parameters are out of the
ordinary range, or substantially different, 1.e., having more
than about 5-10% difference, from previously measured and
stored values. In some embodiments, the HMI may include
historical fluid pressure and valve position information,
which can be compared to measured pressures and positions.
If the measured pressures and/or positions are further than a
preset (e.g., user adjustable or database-derived, or both)
limit for a period longer than a preset duration, then the
controller 115 may signal an audio and/or visual alarm. The
operator may then be given the opportunity to allow con-
tinued automatic control, to take over manual operation, or
to adjust one or more parameters and then to allow continued
automatic operation 1 the pressures and/or positions
promptly begin to return to within the permitted values or
return within a limited preset time period.

The HMI and the controller 115 may be discrete compo-
nents that are iterconnected via wired or wireless means.
Alternatively, the HMI intertface and the controller 115 may
be integral components of a single system.

The BOP stack 120 1s designed to shut off the wellbore,
prevent the escape of underground fluids, and prevent a
blowout from occurring. The BOP stack 120 can be used to
seal off the annulus between the dnll string and the casing,
and contains the returning mud under appropriate pressure
control. BOP stacks typically include specialized valves that
are used to seal, control, and monitor o1l and gas wells. In
the embodiment shown in FIG. 1, the dnll string 1s routed
through the BOP stack 120 toward the reservoir of o1l and
gas, and 1s located at the surface. Any suitable BOP device
available that meets necessary safety and operating param-
cters may be used in connection with the present disclosure.
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Mud pump 135 pressurizes fluid from a supply line, which
may be conventionally connected to fluid flow outside of the
wellbore, e.g., mud tank 125. Mud tank 235 holds fluid and
allows particulates to settle. This may be achieved through
conventional means, e.g., associated shakers, gas venting,
and other separation equipment available to those of ordi-
nary skill in the art. Pressurized fluid from mud pump 135
may be passed through manifold 135, which distributes
pressurized fluid through hoses (e.g., which may be tlexible
in various embodiments) and standpipes to the NSD sub 110
and the top drive 105.

The manifold 135 includes a plurality of valves that can
be actuated, for example, by a mechanical, hydraulic or
clectrical mechanism, or any combination thereof. In one
embodiment, the manifold 135 allows quick rig tie in and
can be fully integrated with a wide variety of standpipes.
Preferably, in one embodiment, the valves are gate or wedge
valves, or a combination thereof, and are electrically actu-
ated. In one embodiment, manifold 135 includes four valves
that are used to control the flow of mud through the NSD sub
110 and the top drive 105. The four valves direct the tlow of
mud and bleed pressure ofl the central bore and side bore of
the NSD sub 110 depending on whether the top drive 1s in
operation or not. In some embodiments, an mterlock system
controlled by the controller 115 prevents the valves from
opening at the same time and prevents the valves from
functioning during unsafe conditions.

The manifold 135 1s typically self-contained and requires
only a power source common on drilling rigs. The manifold
135 may be splittable or fully integrated into the nig’s
standpipe manifold. In one embodiment, the manifold 135
can be resized and reconfigured for electric actuators. The
height of the manifold 135 may be reduced because of the
smaller-sized actuators, and the manifold 135 can be split so
that only power and control cables will be required instead
of hydraulic and control lines. In such embodiments, the
manifold 135 and controller 115 are wirelessly or wired
coupled to the NSD sub 110 to control the flow of drilling
fluids without requiring actual connections to any fluid lines
or valves. The controller 115 can then control the first and
second valve members in the NSD sub 110 directly. This can
advantageously allow for a robust and compact design of the
manifold 135 and eliminates any safety 1ssues of removing
and reconnecting pipes or hoses that are often required by
managed pressure drilling when a separate component needs
to be inserted 1n-line to control fluid flow 1n the system.

Referring now to FIG. 2, shown 1s a sample screen shot
200 of an HMI that may be displayed to an operator during
drilling operations. The screen shot illustrates four valves
205, 210, 215, and 220, and fluid pressures 225, 230
associated with the standpipe 140 and the NSD side entry
valve. During the usual operational mode of the drill string,
there exists a pressure 1n the central bore of the NSD sub 110
that keeps the side entry valve of the NSD sub 110 closed.
In one embodiment, the main valve in the central bore (e.g.,
a ball valve) 1s a manual valve that 1s opened and closed by
an operator using a wrench. In operation, when valve 210 1s
open 1n the depicted embodiment, pressurized tluid 1s sup-
plied to the side bore of the NSD sub 110. The main ball
valve in the sub 110 1s then closed, which allows the pressure
in the side entry valve to overcome the pressure in the
central bore. Once the applied pressure 1s suflicient to
overcome the pressure in the central bore, the side entry
valve opens and fluid passes through the side bore into the
central bore of the NSD sub 110. Valve 205 1s then closed,
which shuts off flmd flow to top drive 105 and the main
valve 1n the central bore to permit tubular connect or
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disconnect operations. Valve 220 1s opened as needed to
bleed fluid pressure off the central bore, standpipe, and the
top drive 105, and then closed. When valve 205 1s opened
alter the tubular operation(s) are complete, pressurized fluid
1s supplied to the top drive 105, the main valve 1n the central
bore, and through the central bore of the NSD sub 110. The
main ball valve in the NSD sub 110 1s then opened slowly
and as the pressure equalizes 1n the central bore, the side
entry valve 1s forced to close. Valve 210 1s closed to stop
fluid from flowing through the side bore, and valve 215 1is
opened as needed to relieve pressure from the side bore and
piping of the NSD sub 110. Dnlling operations using the top
drive 105 can then continue.

In one embodiment, valve 210 1s sized to match the actual
flow to the NSD sub 110. In another embodiment, valve 215
1s SIL rated, and not only acts to relieve pressure from the
NSD sub 110 and piping, but also provides secondary
pressure reliel to remove fluid pressure inmud pump 130.
High pressures can build up 1n the mud pump 130 during
drilling, and valve 215 helps to maintain safety of the mud
pump 130. For example, a maximum threshold pressure can
be set for the mud pump 130, and 11 that pressure 1s reached,
valve 215 automatically opens to release pressure. Thus, a
single valve (valve 215) performs the functions of bleeding
pressure ofl the NSD sub 110 and releasing pressure from
mud pump 130. In the past, a separate mechanical pressure
relief valve was used. Removing this mechanical pressure
reliel valve reduces piping and complexity. In various
embodiments, the valves 205, 210, 215, and 220 are con-
trolled by an interlock system to prevent the inadvertent
opening of one or more of the valves during operation. The
valves are 1 an “interlocked relationship,” meaning that
when one valve 1s open, the other valve cannot be simulta-
neously open, or cannot be closed until the other 1s opened,
or both, to ensure a continuous, controlled flow of drilling
flud.

For example, when valve 205 1s open, controller 115
operates to keep valve 210 closed, and vice versa. When
valve 205 1s open to permit drilling operations with fluid
flow from the top drive 105, valve 220 1s kept closed, and
vice versa. When valve 210 1s open to permit flow through
the side bore of the NSD sub 110, valve 215 1s closed, and
vice versa. When valve 215 1s open, valve 220 1s closed, and
vice versa. In this way, control of fluid flow through the top
drive 105 and the NSD sub 110 1s more finely controlled to
ensure continuous flow of fluid as desired.

An actuator 1s operably associated with each valve, and
positions each valve at one or more incremental positions
between and including an open position and a closed posi-
tion. Electrical actuators may be positioned at virtually any
selected position between and including the open and closed
positions because of the flexibility of the motors, and
provide more precise control of valve position and timing
than many manually-operated valves. In a preferred embodi-
ment, electric gear operated actuators are used to function
the valves 203, 210, 215, and 220. The controller 115 may
control the electric actuators through the use of position
sensors built into the electric actuators for the valves 205,
210, 215, and 220, or the actuators may be controlled by an
internal controller built into the actuators, without the need
for an external controller. Moreover, an algorithm can be
applied by controller 115 to monitor the positions of the
valves and make precise controls, instead of taking external
measurements.

With electronic valve actuation, the valve openings can be
precisely controlled, e.g., the movement of the valves can be
controlled at about 5% or less the size of the opening.
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Electric actuators eliminate the possibility of spilling or
leaking control fluid or gas, and are not fluid temperature or
composition dependent. Electric actuators are generally
casier to control than pneumatic or hydraulic systems.
Furthermore, an electric actuator can accurately monitor the
position of the valve at any point between fully opened and
tully closed, 1t required, and can vary the position of the
valve anywhere between the open and closed positions.

A method of continuously circulating drilling fluid
through a tubular string will now be described. The method
can be used to break and make tool joint connections without
interrupting the circulation of mud.

During drilling, mud pump 130 injects drilling fluid, such
as mud, through the top drive 105, which 1s intermittently
connected to a top or surface end of the dnll string to rotate
the string to advance or retract 1t. While the top drive 105 1s
connected, valve 205 1s opened to allow mud to tlow through

the central bore of the NSD sub 110, and valves 210, 215,
and 220 are closed. When a new tubular needs to be added
to the dnll string, the side bore of the NSD sub 110 1s

intercepted from the outside and connected to manifold 135.
Valve 210 1s opened slowly to allow system pressure to
reach the side entry valve of the NSD sub 110, and to
mimmize pressure spikes downhole. Typically, hydrauli-
cally actuated valves were more ditlicult to control with
respect to percentage of the valve opened or closed. Advan-
tageously, electric actuators provide finer control of the
position of valve 210, which leads to greater control of
downhole pressure. The electric actuators can also provide
teedback on positions and pressures at the valves, which can
facilitate more precise estimation of pressures and better
prediction of changes 1n pressure to better control drilling
operations.

The main ball valve 1n the central bore of the NSD sub 110
1s then closed, and as the pressure through the top drive 105
1s shut off, fluid begins to flow through the side entry valve
and downhole. The fluid flow through the top drive 105 1s
stopped by closing the main ball valve and closing valve 205
of manifold 135. The whole flow of drilling tluid through the
drill string now comes only from the side bore through valve

210. At this point of the process, the pressure segregated
upstream of the central bore of the NSD sub 110, e.g., at the
top drive 105, can be released to atmospheric pressure by
opening valve 220 of manifold 135 to release excess pres-
sure. A new tubular with NSD sub can now be connected to
(or disconnected from) the drill string under safe conditions.
The new tubular 1s connected (or disconnected) to the drill
string.

Once the connection 1s made, the mud flow through the
top drive 1035 1s ready to be restored. Valve 205 1s slowly
opened to allow fluid pressure to build up above the main
valve 1n the central bore. Like valve 210, use of electric
actuators allows for greater control of the position of valve
205 and pressure, and minimizes pressure spikes downhole.

The main valve 1s opened, and as the pressure through the
top drive 105 1increases, tluid begins to flow through the
central bore and downhole. As the pressure decreases in the
side bore and increases in the central bore, the side entry
valve closes. Once all tlow 1s going down the central bore,
valve 210 1s closed. Valve 215 1s then opened to relieve
pressure oil the side bore, and the external connection to the
side bore can be disconnected. To remove a tubular, the
process 1s reversed.

The method of the present disclosure can be remotely
controlled, e.g., by computer assisted control with manual
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override. The controller 115 may use any combination of
clectric, electronic, hydraulic, pneumatic, or electro-hydrau-
lic controls.

A programmable controller, e.g., controller 115, may be
utilized to control and/or perform at least a portion of and
preferably a substantial portion of the above described
method. For example, the controller 115 may control the
opening and closing of valves 203, 210, 215, and 220 and/or
first and second valve members of the NSD sub 110. Besides
controlling the operation of valves 205, 210, 215, and 220,
the controller 115 may warn the operator 11 the valves are not
operating properly. For instance, the controller 115 may
monitor the positions of the valves and the pressures in the
top drive 105 and the NSD sub 110. In some embodiments,
the controller 115 may then compare theses measured values
to previously stored values to detect 11 something 1s wrong.
The operator may then verity the warning.

The manifold 135 can be confrolled 1n two difierent
methods that offer both a simplified and fully automatic
configuration. In one method, the control of the valves 205,
210, 215, and 220 1s by internal controls in the actuators.
Thus, the position of the valves, and whether or not they are
in the open or closed position, 1s determined by an actuator
controller that 1s integral to the actuator. The valve move-
ments are programmable to various setpoints without the
need for an external PLC.

In various embodiments, control of the valves 1s through
a remote controller that 1s distributed by a simple hand held
switch panel and mechanical switch gauges. The interlocks
are controlled by the valves’ internal control system, and the
timing of the opening of valves 205 and 210 1s controlled
using a time out function internal to the actuator. The
pressure idication 1s on the manifold 1335 with no remote
readout.

The second method 1s fully automatic using controllers
external to the actuators. For example, in one embodiment
the controller 1s a discrete and stand alone PLC, while 1n
another embodiment it 1s fully integrated into the rig PLC.
Like the first method, control of the valves may be through
a wireless or wired handheld controller operated remotely. A
smart phone or tablet can be connected to the manifold 135
via a wireless transmitter to display and control the manifold
135. There 1s enhanced pressure drop control when switch-
ing between operating modes, and the statistics of the system
are tracked. An enhanced user interface with diagnostics can
be used, and the controller can be reduced 1n size.

In both methods, the controller 1s used to activate the
actuator and control the direction, extent, and duration of 1its
output. The controller can be programmed to move the
actuator to a customized position and produce a wide range
of actuator positions. In various embodiments, the controller
can collect and monitor real-time positional data from the
valves and compare them with a set of ideal parameters to
determine if there 1s a failure or 1f maintenance 1s required.
Any differences between the two can drive the actuator to
correct the disparity or activate an alarm of a potential 1ssue.

The term “‘about,” as used herein, should generally be
understood to refer to both numbers 1n a range of numerals.
Moreover, all numerical ranges herein should be understood
to mclude each whole integer within the range.

The present disclosure relates to a method for continu-
ously circulating drilling fluid through a tubular string. The
method includes connecting a sub having a central bore and
a side bore to the tubular string, connecting a top drive to the
tubular string, connecting a manifold to the sub and top
drive, and controlling the flow of drilling fluid through the
sub and top drive by selectively opening and closing the
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clectrically controlled valves. The manifold mcludes a plu-
rality of electrically controlled valves.

The present disclosure further relates to another method
for continuously circulating drilling tfluid through a tubular
string. The method includes connecting a sub containing a
central bore and a side bore to the tubular string, connecting
a top drive to the tubular string, connecting a manifold to the
sub and top drive, and selectively opening and closing the
clectrically controlled gate valves. The manifold includes a
plurality of electrically controlled gate valves 1n interlocked
relationship and that are configured to control dnlling fluid
flow and pressure at the central bore and side bore.

Moreover, the present disclosure relates to a manifold for
continuously circulating drilling fluid through a tubular
string. The manifold includes a plurality of electrically
controlled valves that control a flow of drilling fluid through
a top drive and a sub having a central bore and a side bore,
and a controller configured to monitor positions of the
valves and fluid pressures at the central bore and side bore.

In addition, the present disclosure relates to a continuous
drilling system that includes the manifold, a tubular string,
and a sub having a central bore connected to the tubular

string and a side bore connected to the manifold.

The foregoing outlines features of several embodiments
so that a person of ordinary skill in the art may better
understand the aspects of the present disclosure. Such fea-
tures may be replaced by any one of numerous equivalent
alternatives, only some of which are disclosed herein. One
of ordinary skill in the art should appreciate that they may
readily use the present disclosure as a basis for designing or
moditying other processes and structures for carrying out the
same purposes and/or achieving the same advantages of the
embodiments introduced herein. One of ordinary skill in the
art should also realize that such equivalent constructions do
not depart from the spirit and scope of the present disclosure,
and that they may make various changes, substitutions and
alterations herein without departing from the spirit and
scope of the present disclosure.

The Abstract at the end of this disclosure 1s provided to
comply with 37 C.FR. §1.72(b) to allow the reader to
quickly ascertain the nature of the technical disclosure. It 1s
submitted with the understanding that 1t will not be used to
interpret or limit the scope or meaning of the claims.

Moreover, 1t 1s the express mtention of the applicant not
to invoke 35 U.S.C. §112(1) for any limitations of any of the
claims herein, except for those 1n which the claim expressly
uses the word “means” together with an associated function.

What 1s claimed 1s:
1. A method for continuously circulating drilling fluid
through a tubular string, which method comprises:

connecting a sub having a central bore and a side bore to
the tubular string;

connecting a top drive to the tubular string;

connecting a manifold to the sub and top drive, wherein
the manifold comprises a plurality of electrically con-
trolled valves, wherein the plurality of electrically
controlled valves consist of a first valve configured to
bleed pressure ofl the side bore, a second valve con-
figured to control tlow through the central bore, a third
valve configured to control pressure through the side
bore, and a fourth valve configured to bleed pressure ofl
the central bore; and

controlling the flow of drilling fluid through the sub and
top drive by selectively opening and closing the elec-
trically controlled valves.
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2. The method of claam 1, wherein the plurality of
clectrically controlled valves comprise gate valves, wedge
valves, or a combination thereof.

3. The method of claim 1, further comprising opening the
second valve and closing the third valve to allow drilling
fluid to enter the central bore and not the side bore, closing
the second valve and opening the third valve to allow
drilling fluid to enter the side bore and not the central bore,
or both.

4. The method of claim 1, wherein the second and third
valves are 1n an interlocked relationship, the second and
fourth valves are 1n an 1nterlocked relationship, the third and
first valves are 1n an interlocked relationship, the fourth and
first valves are 1n an interlocked relationship, or a combi-
nation thereof.

5. The method of claim 4, further comprising closing the
second valve and opening the fourth valve, opeming the
second valve and closing the fourth valve, or both.

6. The method of claim 4, further comprising closing the
third valve and opening the first valve, opening the third
valve and closing the first valve, or both.

7. The method of claim 1, further comprising measuring,
a position of each of the valves, fluid pressure in the central
bore, fluid pressure in the side bore, or a combination
thereof.

8. The method of claim 7, further comprising displaying
the valve position, fluid pressure, or both.

9. The method of claim 7, further comprising storing past
valve position, fluid pressure, or both.

10. The method of claim 9, further comprising comparing
measured valve positions and/or fluid pressures relative to a
previously measured valve position and/or flmd pressure.

11. The method of claim 10, further comprising display-
ing a warning or sounding an alarm 1f the measured valve
positions, tluid pressures, or both, are different from the past
valve positions, fluid pressures, or both.

12. The method of claim 1, wherein the manifold 1s
coupled to the sub without physical connections to fluid
lines or valves of the sub.

13. A method for continuously circulating drilling fluid
through a tubular string, which method comprises:

connecting a sub containing a central bore and a side bore

to the tubular string;

connecting a top drive to the tubular string;

connecting a manifold to the sub and top drive, wherein

the manifold comprises a plurality of electrically con-
trolled gate valves in interlocked relationship and con-
figured to control drilling fluid flow and pressure at the
central bore and side bore, wherein the plurality of
clectrically controlled valves consist of a first valve
configured to bleed pressure ofl the side bore, a second
valve configured to control flow through the central
bore, a third valve configured to control pressure
through the side bore, and a fourth valve configured to
bleed pressure ofl the central bore; and

selectively opening and closing the electrically controlled

gate valves.

14. The method of claim 13, wherein the second and third
valves are 1n an interlocked relationship, the second and
fourth valves are 1n an interlocked relationship, the third and
first valves are 1n an interlocked relationship, the fourth and
first valves are 1n an interlocked relationship, or a combi-
nation thereof.

15. The method of claim 13, further comprising monitor-
ing a position of each of the valves and/or fluid pressures 1n
the central and side bores.
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16. The method of claim 15, wherein the monitoring
comprises comparing measured valve positions and/or fluid
pressures relative to a previously measured valve position
and/or tluid pressure.

17. The method of claim 16, further comprising display-
ing a warning or sounding an alarm 1f the measured valve
positions fluid pressures, or both, are different from the past
valve positions, fluid pressures, or both.

18. The method of claim 13, further comprising display-
ing the valve positions and/or fluid pressures.

19. The method of claim 13, wherein the manifold 1s
coupled to the sub without physical connections to fluid
lines or valves of the sub.

20. A manifold for continuously circulating drnilling fluid
through a tubular string, which comprises:

a plurality of valves that consist of a first valve configured
to bleed pressure off a side bore of a sub, a second valve
configured to control flow through a central bore of a
sub, a third valve configured to control pressure
through the side bore, and a fourth valve configured to
bleed pressure ofl the central bore, wherein the plurality
of valves control a flow of drilling flmd through a top
drive and the sub; and

a controller configured to monitor positions of the valves
and fluid pressures at the central bore and side bore.

21. The manifold of claim 20, wherein the plurality of
valves comprise gate valves, wedge valves, or a combination
thereof.

22. The manifold of claim 20, further comprising an
interlock system configured to ensure that the second and
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third valves, the second and fourth valves, the third and first
valves, the fourth and first valves, or a combination thereot,
are not open simultaneously.

23. The manifold of claim 20, wherein the controller
measures the valve positions and/or fluid pressures and
compares the measured valve positions and/or fluid pres-
sures relative to a previously measured valve position and/or
fluid pressure.

24. The manifold of claim 23, wherein the controller
displays a warning or sounds an alarm 11 the measured valve
positions, fluid pressures, or both are different from the past
positions, pressures, or both.

25. The manifold of claim 20, wherein the controller
comprises a human-machine interface (HMI).

26. The manifold of claim 25, wherein the HMI comprises
a touch screen interface.

277. The manifold of claim 25, wherein the HMI displays
valve position and valve safety interlock information.

28. The manifold of claim 20, wherein the controller 1s
integrated into a rig programmable logic controller (PLC) or
integrated into an electric actuator.

29. A continuous drilling system comprising:

the manitfold of claim 20;

a tubular string; and

a sub having a central bore connected to the tubular string

and a side bore connected to the mamifold.

30. The continuous drnlling system of claim 29, wherein
the manifold 1s coupled to the sub without physical connec-
tions to fluid lines or valves of the sub.

31. The manifold of claim 20, wherein the a plurality of
valves are electrically controlled.
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